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S U M M A R Y  

The i n t e n s i t i e s  I and t h e  p o l a r i z a t i o n  r a t e s  p of t h e  forbidden 

of  the ion Fe Y I I I  i n  t he  presence of a l i n e s  UlO 747 - 10 798 - 3 388 
r a d i a l  m a p e t i c  f i e l d  c r e  computed.- Conclusion: 1) p (10747) i n c r e a s e s  

r e g u l a r l y  w i t h  the d i s t ance  t o  the c e n t e r  of the  disk,  r, and f o r  r 3c 1.8 R, 
reaches  a l ready  a value of 0.6; 2) p ( l 0  798) is < 0.1 f o r  r \< 1 . 8 ~ ~ ;  
3) p ( 3  388) is g 0.03; 4) t he  an iso t ropy  of t h e  e x c i t i n g  r a d i a t i o n  f i e l d  

has  a f eeb le  inf luence  on the  r a t i o  @, = I(10 798) / I(10 747); t he  va lues  of  
e l e c t r o n  dens i ty ,  f o r a e r l y  derived from t h i s  r a t i o  while neg lec t ing  t h i s  

e f f e c t .  t h u s  remain va l id .  

- 

* *  
Severa l  s t u d i e s  r e l a t i v e  t o  the  ion  FeXI I I  i n  the  s o l a r  corona 

have been c a r r i e d  out  w i t h  t he  assumption t h a t  t h e  e x c i t a t i o n s  and de-exci- 

t a t i o n s  are both,  r a d i a t i v e  and c o l l i s i o n a l ,  and wi th  t h e  hypotheeis  of a 
d i l u t e d  and i s o t r o p i c  f i e l d  at 6 OOOOK temperature f o r  t h e  photoexci ta t ions  

c1, 2, 33. They have shown t h a t  the i n t e n s i t y  r a t i o  of t he  forbidden l i n e s  

110 798 and 

with the  e l ec t ron  dens i ty  Ne than wi th  the o t h e r  parameters,  such as t h e  

e l e c t r o n  temperature 

a r e  s i t u a t e d  in an unfavorable s p e c t r a l  i n t e r v a l  f o r  the r e c e i v e r s ;  however, 
they could be measured with a s u f f i c i e n t  p rec i s ion  t o  de r ive  from t h e i r  
i n t e n s i t y  r a t i o &  the  va lues  of t he  e f f e c t i v e  e l e c t r o n  d e n s i t y  [I]. 

10 747 i, i n  t he  coronal  condi t ions ,  va r i ed  a g r e a t  d e a l  more 

T,, the  d is tance  t o  d i s k ' s  c e n t e r  2.- These two l i n e s  

S u r  l ' i n t e n s i t 6  de l a  p o l a r i s a t i o n  des r a i e s  i n t e r d i t e s  de l ' i o n  Fe XI11 
dans l a  couronne s o l a i r e .  



* z .  

The works by Charvia[4, 5 , 6 1 o n  the  p o l a r i z a t i o n  and i n t e n s i t y  

of the  forbidden l i n e s  of the solar corona allow t o  ob ta in ,  without  cal- 
c u l a t i n g  the  populat ions,  the  p o l a r i z a t i o n  and t he  i n t e n s i t y  of coronal  

en i s s ion  l i n e s ,  provided the  fundamental conf igura t ion  of i o n s  can be redu- 

ced t o  two l e v e l s .  I n  the  case of Fe X I 1 1  ( f i v e  l e v e l s  i n  the  fundamental 
conf igura t ion)  i t  is necessary t o  e f f e c t  t h e  complete c a l c u l a t i o n s  so a~ 

know the p o l a r i z a t i o n s  of t h e  three  l i n e s  AA 10 747 - 10 798 - 3388 1. 

Ne enon? 
0 

,3distance ou (d i s t ance  t o  t h e  limb 
I I  I I I  in m i n .  of arc) 

I limbe en mn d’arc 3 5 7 9 11 

1 1.2 1.C I (6 dlst&e oucentre du di&* en Re (d i s t ance  t o  the  c e n t e r  of t he  d i s k  b - R E ) I  

Fic.  1. Tola r i za t ion  rete of  the line 10 747 as 
a fuact ior ,  of t?e 2 i s t ance  t o  the c e n t e r  of the d i sk  

w i t h  Ne and  Te i n  parameter. 

I , t hus , conp le t ed  the  previous c a l c u l a t i o n s  E l ] ,  wi th  the  i n t e r v e n t i o n  of 
t h o  m i s C t r c n * r  cf =sdf;tf=r, f i e l d  znd t b c  d a t ; m p ~ ~ ~ t i ~ ~  0: the leyeig f’ J 

i n t o  Zeernan sub-levels .  
The s t a t i s t i c a l  equi l ibr ium equat ions  are w r i t t e n  f o r  each of t he  

( 2 5  + 1) sub-levels of the  fou r  f i r s t  energy l e v e l s  of Fe X I I I ,  t a k i n g  
i n t o  accou-tt the  fol lowing processes  descr ibed i n  C4] : e x c i t a t i o n s  and 

de -exc i t a t ions  by c o l l i s i o n s ,  spontaneous emissions,  i s o t r o p i c  r a d i a t i v e  

absorp t ions ,  an i so t rop ic  r a d i a t i v e  absorpt ions.  



The depo la r i za t ions  due t o  impact-induced t r a n s i t i o n s  between t h e  

Zeeman sub-levels  of a sane energy l e v e l  have not  been taken i n t o  account 
f o r  H. Van Regemorter [7] 
coronal  condi t ions .  

has  shown t h a t  t h i s  process  is n e g l i g i b l e  i n  

R E S U L T S . -  They are given f o r  an element of volume a f t e r  t h e  

formulas given i n  C43 The po la r i za t ion  rate of XlC 747 is represented  

i n  F ig .1  as a funct ion  of  parameters r , N e  and T,. For a s p h e r i c a l  model 

- 0 -  dietonce ou l imb ( 
..-.-I3 , en mn. d ' q  

Pig. 2. - Foi,:.rization r a t e  of  the l i n e s  'x 10798 aiid 

Idel of dens i ty )  

d i s t ance  t o  the 1 b 
in minoof arcfm 

d i s t ance  09 t tbs 8nEler 
3 388 f, i n  RE) 

of e l e c t r o n  dens i ty  twice as high as t h a t  f o r  t h e  V a n  de Hul t s  model [a], 
p ( 1 0  747) passes  from 0.1 at  1min fromthe limb, t o  p (10747) = 0.6 at  
1 3  rnin, whlcn seems io be i n  agreement with t he  liiiilt ?;al-;e = 1. itcar? 
by Chavrin. The inf luence  of the e l e c t r o n  temperature is no t  very great; 
t h e  span between the  extreme curves, corresponding t o  Te = 1 lo6 and 

6 2 10 OK, i s  30 % at  maximum. The measurement of p appears t o  be poss ib l e  

w i t h  t he  present-day cleans of de tec t ion ,  for  t h i s  l i n e  is s u f f i c i e n t l y  



10' 
distpnceou (d i s t ance  tQ the limb in ---- ---_-._________---  ---------- 

o o  I l?lirnbe enmcYoffi m m .  of a r c )  3 5 7 9 11 

4. 

i n t e n s e  (about  50 loo6 of solar luminance per  angstrom) and i ts  pola- 

r i z a t i o n  remains r e l a t i v e l y  s t rong  even near  t he  l imb.  

I(10798)/ I(107C7) t 
Yo- ,,,en nigligeont lbnisotropie duchomp de royonnement (neg lec t ing  r a d i a t i o n  f i e l d '  S 

-en tenant compte de I'onisotropie du champ de ( t ak ing  i t  i n t o  aCCOUnt) troPy 
rayonnement  

0, c 

a%:;* Fig. 3. - &.ti0 I (10  7 9 8 ) /  I(10 747) as a func t ion  of the  d i s t  
t o  t he  cen te r  of the d i s k  w i t h  Ne i n  parameter and f o r  Te = 10 

Fit?. 2 r ep resen t s  t he  po la r i za t ion  r a t i o  of t h e  l i n e s  A3 388 
A10 798 1; t hese  a r e  low f o r  t he  s tandard e l e c t r o n  d e n s i t i e s  of t h e  corona. 
The v a r i a t i o n s  of p (33138) a r e  r a the r  complex and f o r  the  t h e o r e t i c a l  

case Ne = 0 the  p o l a r i z a t i o n  becomes zero  while changing the  sign. The 

l i n e s  Ah 3388 - 10798 being  themselves l i t t l e  i n t e n s e ,  i t  s e e m  t o  be 
very d i i f i c u l t  t o  measure t h e i r  weak po la r i za t ions .  

and 

Fig. 3 a l lows t he  comparison between the  r a t i o  4 obtained by t a k i n g  
i n t o  accourrtthe an iso t ropy  of the r a d i a t i o n  f i e l d  and the  r e s u l t s  ob ta ined  
when neg lec t ing  it.Cl1. The e r r o r  introduced i n t o  &,is an underest imate  

not  exceeding 10%; takin,- i n t o  account t he  imprecis ion of t he  t h e o r e t i c a l  

data  and the  p rec i s ion  obtained over R ,  t h i s  e f f e c t  

one seeks t o  determine, s t a r t i n g  from (R , the  e l e c t r o n  dens i ty  of t h e  corona 
near t h e  solar limb. 

may be neglec ted  when 



5. 

D I S C  U S  S I O N .  = The ca l cu la t ions  have been made while neg lec t ing  

the  h igher  energy l e v e l s  of t h e  ion Fe XI11 and i n  the  presence of a ra- 
d i a l  magnetic f i e l d .  The present-day knowldge of t he  p o s i t i o n  and of t he  
c h a r a c t e r i s t i c s  of the  h igher  l e v e l s  of Fe XI11 are st i l l  very fragmentary. 

The only known t h i n g  is t h a t  these l e v e l s  a r e  p a r t i a l l y  populated by c o l l i -  

s i o n s ,  for s e v e r a l  allowed l i n e s  have j u s t  been i d e n t i f i e d  in t he  u l t r a -  
v i o l e t  spectrum of t h e  very low solar corona [9]. These l e v e l s ,  which 

s t o c k  the  l e v e l s  ''Po, "P, and 'P, 15;. r a d i a t i v e  cascades,  must induce a depo- 
l a r i z a t i o n ,  but  the l a t L e r  must Se weak from t h e  moment one d r i f t s  away 

from t he  limb. 
The inf luence  of the  magnetic f i e l d  has  been discussed i n  [4], 

namely for  t he  green l i n e ;  f o r  c e r t a i n  o r i e n t a t i o n s  of the  magnetic f i e l d  

the  p o l a r i z a t i o n  m a y  n u l l i f y  by changing sign. The cu r ren t ly -ca r r i ed  ou t  
c a l c u l a t i o n s  for the  ion  Fe XI11 show a l ready  t h a t  t he  depo la r i za t ion  due 

t o  a noc-radial magnetic f i e l d  may be very grea t .  

The values of p o l a r i z a t i o n  computed here  are thus  m a x i m u m .  

Cont rac t  No. NAS-5-3760 
Consul tan ts  8c Designers,  Inc. 

k r  l i n g t  on, Virginia 

Trans la ted  by ANDRE L. BRICHANT 

on 13 October. 1965 
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